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JUMP 022 ATyMUTT TURBOPROP DEVELOPMENT PROJECT AT W 0D NO. 2 
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Ehyalcal Characteristic* and Perfoiwnoe 


2. The ohsraoteriatioa of the 028 turboprop engine « follow i 25X1 

maximum horiopcwor • US00 pi (ona German ps la equal to • 973 “P/# 
length - 4 meters, 

maximum diameter - 1000 mm, . 

weight - 1350 kg (without propeller or reduction gear), 
turbine - 3 atage. 
preaeure ratio - 4.3, 
airflow - 20 kg/aeo, 
exhaust cone - 
propeller* - 2 
The only, power 
there '"was no 
] i» 

aome treasure < 


fixed, and 

uontro-rotatiM. 

figure wai that the 022 developed 4^00 paj 

hruat alnoe the turbine* absorbed all of the power" /which, 
noorreotj. The weight figure of 1350 kilograms may have 
aoouraoy alnoe "the Soviet* always wainted the weight of 
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engine bel ew 1400 kilograms* f and BBJLHDNER said, *the engine was 
Sighed after completion and oame.out to be 1350 kilograms* o | 
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group 

?• Ikll g3POU|P *&S headed "by DIERHARDT, with Dr. SCHJOBPBR responsible for 
the theoretical calculations the compressor ssssmhlyand KUTSCBEROFF 
iaoharge of the c ©as true tidn section, which made the drawings from the 
theoretic*! calculations furnished by Dr* 3CHR0I»DB$ f s section. From 
thf#i drawings the shop fabricated the oompreisaqr components. 

f 4« ®h» ceastrmotion section wa® divided into thremunits, ^oter, stator, and 

ceeUga ^ _ | 

j | developing eonpememts for the single-stage compressor rig 

thd preewre relief valves for the 022 compressor £mqg page Xl$ 

9cetch K©c j 3$-' «ad pageU^o \ , 
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Jgyp 022 Omnium 


St ■ *he blade profilaa uaad for the 022 oon»reaaor wart a modification of 
, tha Goettingen and IA0A aariaa. 25X1 

Only 'a fay of ;the tablaa for the profile aariaa Wars arai labia at 
StTod -Rd. 2, wbioh aada tha job drawn out and tedldus for BORROWERS 
calculation aeotiea,' Moat of tha NAOA blada p'i'ofile'tnfofnatioii was 
gained by reading raporta and nagaains artiolsa (tha Zhukorakiy profilaa 
wars triad hat pre-red to hara an oxosaairo thiokness/ohord ratio, at a 
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resu lt the Goettingen series were the basis for the compressor blading). 


7. The construction section (headed by KUTSCHEROJT) constructed the com- 
pressor drawings from theoretical data furnished by the calculations 
section (headed by Dr.. SCHRQEDER). These drawings, in turn, were handed 
over to the shop which fabricated the actual components. When a new 
blade design .was introduced, it was standard practice for the shop td 
fabricate one blade, cross section it in three places (see page 10), 
and send it back to the construction section for checking. These solid 
blade cross sections were then projected on the wall and compared with 
the master profile projected from the drawing. The shop would continue 
production of the blade form if the profiles checked within the allow- 
able tolerance (unknown). 

8. The stator blades were welded to the compressor casing. They were rolled 
to shape from sheet steel and welded at their trailing edge. A major 
difficulty encountered was failure because of vibration (breaks occurred 
in the blades and mountings). 


9, The compressor rotor blades had dovetailed feet. (See page 1C, Skbtch No. 2). 
The sides were inolined at an angle. A retaining pin insured 
locking. Rotor blades with fir tree root design were also tried, but dis- 
carded since the fabrication of such blades took much longer then the dove- 
tailed type. 


10 . 


The clearance between the rotor blade* and the compreeeor easing waa about 
1.5 to two ndlUmetera. To diminieh the effeota of disruption of the 
airflow oaueed by excessive end uneven clearmcee, the ring* (ehrqud 
ring atta ohed to the' caaing surrounding the rotor etage) were lined with 
graphite. / the material wa* graphite and not a mixture 

of animal and 


taloum powder ee had previously been reported by fAUST^in 


The'lining" material had a brown color tad wa* 
about 1,5 to 2 mlllirae'tara tht ck ■ The material ueed | . ■ > 1^? « 


one continuous pieee ( ^Phlte blocka 

were used to maintain a minimum clearance m tne turiane rotor etagee). 

(See page 10, Sketoh No. 3.) Oentrifugal foroee cauee a radial lengthenirg 
of the blades which permits the blade* to eorape the lining, and make their 
own paths in them. The tip eleeranoee were held to a minimum by thie method. 

COMPRESSOR PRESSURE RELIST SYSTEM 

Hydraulioally Operated Flat Type Shutter* 

11. During the teeting of the 022 compreeeor, eurge or etall difficulties ocourred, 
especially during the starting operation. The firet attempt to overcome 
this problem was a eet of eight to ten ehuttere arranged around the oomprnaeor 
entrance. (See page 11, Sketoh No. 1.) Theee ehuttere were hydraulically 
operated by a pieton which translated motion to Idaematio linkag®*» whita 
railed and lowered the abutter! aa neede. Thia required a piaton for each 
•hatter. During starting the ehuttere were raised to reduce the airflow, 
and lowered flat during normal engine operation. Theee ehuttera were not 
■ueeeeeful, and a aeeond method ueing an "airfoil ehutter" eyetem was tried. 
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frd^nnlleallv Operate d Airfoil Shutters 

12. This ifitM consisted of a sorted of airfoil shaped shatters arranged 

W Iroundthe oompressor entrance, ill shutters were interconnected 
with a circular linkage. (See page 31> Sketch Ho. 2.) • - . 

•hatters were operated by a hydraulic piston which acted against a 
kinematic control linkage which operated all of the shutters simul- 
t ane ously. this system also was unsuccessful. 

Poseurs Belief Talves 

13» CM final ■edification of the pressure relief sy;ste«. resulted in the 
: - Us* of two escape val ves operated hy action of a n oil pressure — 

actuating piste®. ,, , ,, , 

r~~' 1 ^ (See page 11.; . 

She unit consisted of one piston which operated a shutter waive 
(butterfly type) contained in each air escape pert (there weretwc 
•lOtpo port*, each haring a shutter valve which was connected by 
a* Steel rod). The center of this connecting rod was in turn mated 
fa a forked am, irhioh was opsratsd by the action of the piston afcve- 
M®f (operated by oil pressure), *he shut ter valve was mounted 
■lightly off center so that when it was in tfee fully opsn position 
the*upper tip was about five aillineters fro® the edge of the exit. 

She lower tip of the shutter at this point was level with the*houht- 
• lag base flange, (See page 12.) 

14 . the first design had two pistons, one f °5®® oh ■*»**•* 

design used had fbur blow-off valves. This was modified to the single 
piston operating the two interconnected shutter valves (this system 
was uss d as of Oolfober 1950). 


25X1 


is. 


ths hats of saoh pressure relief valve covers the area between tha 
fifth had sixth oonprsosor stator stags (including ths arsa aboxe ths 

fifth rotor stag®). ( s ®« P*S* ls ») Th ® 5* , ? OB 1 * 8 +- , 

located between ths two blow-off valves. Ths oom n i ets unit is locate d 

at the top d#a1"Wwnter position of ths engine. J , . J 

the relief va lves a re side by jids and not one behind the other, as nas 

boon reported |7 
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16 . 


17* 


Ths disaster «f the blow-off valves (aluminum alloy oaeting) i?°" 
110 Hi Hlnetem, ths bottom oase (made of eMet on . ,hiel1 '“t 

valves win fittod measured approximately 200-250 millimeters x 400- 
500 aillineters. The vsrtioal height of the valve section was 100-120 
BillUftsrs. , 

1 ths engine Inbrloatlng system 
t&« pr«ii«r« rtlitf unit Wm ooaatotid to it in 

seas BSMiirr ($*■» pagoid.). . uring ■ tar ting, an sngins _drlvsn 

booster yawp kept tho oil pressure ovsr a specified valvs so that 
ths as tasting piston la operating because ©f tho lneooiHg oil prooouro. 
Ohio astlon ©peas tho butterfly valvoo in tho relief valvss, allowing 
air to ba bled off. Tfpoa attaining a predetermined rpn the oil 
profeauro fallo below a minima value 00 that tho oil flow to the 
situating platen io automatic ally out off f ron tho oyotoa, oaueing 
the, -relief valves to oleoo. I ] *t what engine rpn the 

valvs* opened or oleood. The loaded opring then loeoo its tension, 
pulling tho pioton back and olooing the butterfly valvoo (a double 
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acting pitton was tried, that la, oil preaaure oprating in b°& 
directions, but thia was diacarded because of oil leakage in the 
seal when the pi a ton traveled backwarda). Thia pressure relief 
unit removed enou -* the air flow to inaure a tar ting without 
preaaure aurge. 


SINGLE STAGE COMPRESSOR TEST STAND 


18 . 


the. development of the 
It was ready for operation in 


single stage compressor test stand. 

1950. (See page 1 U.) 

10 The air inlet leading to the compressor entrance was a conventional 
grid type. Theraass air flow was controlled by the inaertionofa 

flow adjusting orifice (Meaablende). built to J^iSce nlSf which 
the diffuser section (there were aa many as 10-12 orifice plates whicn 
could be used to simulate the required teat conditions). 

20. Die compressor .when tested.was driven by a modified^ JUKQ OOU tu^o- 

<et e ngin e. The engine had three turbine stages) one absorbed the 
JUM0 OOli compressor power) the other two absorbed the P?*®* ® 

compressor unit on test. Die test rig had a capacity of t ®*^ 1 ® 
either one compressor stage or two compressor stages, the OOi* power 
unit being inadequate for higher powers. 

21. One reeaon for tt». lew fig In dw.Ww _tt. 022 

the failure to oomplete the single stage test stand until l??o. *»* 

Ms the only one at Zavod No. 2 and all of the test work had to be 
dona on this- stand. Many oases of mismatching the compressor r®tor 
l^fand imwSer blaS angles could only be rectified by continuous 

tStSn,^ SriSl. «!«• Se«s««« «"*"« ** 

the full scale testing of the compressor. 

Test_Frooedures 

22. The oompreeeor stages ware teeted individually end by pair*. *“*» 
ttma a diffsrent oowcreeBor stage wae teeted tee inner bullet end 

ference in rotor wheel sites). After successful single-stage tests 
wei*e completed, suoosssive paire of oompreeeor stages «« tested, _ 
i.e.i its tea one and two, fetagea three and four., etagee fiva and eix, 
etc. (never odd paire euch ae two and three, or four “ d ***•» ?£ei 
More than two oompreeeor etagee were never, teeted at “ 
tee JUMO 00U power unit had such a, low power output. 
prooedure (duration of teet period ie not known) tee following data 

were taken* 
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a. Haae air flow* 

b. "Inlet air temperature, 
o. Inlet air preaaure. 

d. EPMe 

e. Temperature and preaaure before and after every atator 
and rotor stage . 

f. Direction of etream flow after each statbr and rotor stage. 
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2% There were three methods te use for measuring the stream pressure and 
direction of flow. One ©£ th© instruments used was called a Staukugel 
(pressure sphere). This was a metal ha ,11-fhap.eGr device consisting of 
five internal Ij drilled channels which led to a manometer bank. 

(See -'page X<.}.- This instrument was made and used in Germany during 
the war and a few of them were shipped with the original engine parts 
to Kuybyshev* The fjaukugel (hall-shaped measuring instrument) came 
in two or three sizes , all within 15-20 millimeters diameter. 

24. The 8 taukugel was lined up with the longitudinal axis of the compressor 

casingiFseroing the calibrated scale mounted on the exterior of the 
casing (me* page X$)« During the compressor testing, procedure 

the hall was lined up with the flow until the maximum pressure could 

be recorded (by observing the manometer tubes). At the same time the 
pointer would indicate the direction of the flow over the instrument. 

25 . The second method of measuring stream pressure and direction was by 

Using standard Prandtl tubes. This method was more accurate than the 
aforementioned StaukUgelv Sometimes both instruments were used to- 
gether. i.e.« oSiTattEe top and one at the bottom, as a oheok against 
eaoh other, f the instrument used in the third method 

of measuring stream pressure and direction once. It was disc-shaped 
gad was paired a yeegeriaohe Hessoheibe_ (measuring diso). 

M S JBaaML 


26. 


mmi 

the compressor of the small gas turbine 
starter for the 022. At first an Axial flow compressor unit was 
designed and tested, but discarded in favor of a oentrifugal flow 
type compre ssor. The rated output was 80 hp (ps, which is s^ual to 
• 973L horsspowsaj 0 (far page 16 *) Tsst runs on ths unit 

had included 180 separate starts on a tsst stand, which incorporated 
a water brake to absorb the power. 
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Xn 1948 11AI8*** mmA 
in tbs Vrals 




.. miM faotory lo cated 

Book 


2f. 


*ft#r they hid arrival order* were reeelTiito aodirjr the design of the 
•duels stage o«i;nh» itiai (ia 1943) ■» that a ' JoTi.t ooapresaer 
could U tsatad. 

H lewiat blueprints of an andal Blow ooapresaer. 

H th. Bordet ooaproaaor oould 25X1 


t. Mated on th. adagio iti(< eonpreoaor iait ataad, which waa ta ha 


put lata operation at 2 trod Jfo. 2. To M th i a [ 
pertinent soapreeeor dUeaelone, ato. 1 


tha 


tha blueprints 
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furnished by the io-ri.t.. The drawing. ?«• *2\?*i;! t £rb.ea 

with any oUeeifioatlon. Ill of the £**«• ‘J 4 thMu 

out out before the German group reoeired the blueprint. ^eniy^tne «l 
aenaiona remained). All of the printing wae in Eueeian. and it wae 
a ilT to see that the drawings had been i^ide/by the Sotists 
91 there was no style or for* to the drawings. The lino* w * r * 
drawn and not sharp and neat * they were not drawn to aern&n drafting 

standards". 
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h. 


d. 


51. 


52. 


the oompreeaor can he, etunmed up aa follewe* 

1 ' * ? , "y .f*’ ’ ri * f ) 

the SoTiet oompreaeor w&a probably; about 80 lilHaktlW 
*«*llar |n diameter thau the 022, cdupreaaor. 

Rotor blade a appeared longer aad withaore twiat than 
the $22 biaidee."'.' ' She type of blege^attadhnant waa not 
known. ' ‘ ‘ •• 

The rotor wheela were built "hoarier" than the 022, i.e,, 

thiokep and nbri ■aaeire looking. 

there night hare been eight atagbe. 

e. It did not appear to be aimilar to the 012, 022,or 003 
•onpreaae*. * 

BHAfDHSR had atated that the oonpreaaor had been built and teat rwa at 
the faotory in the Ural*, where he had been working. It had not *** 
under itaTnrn power. Only notoring tepte had been 001 *]£*f* d * 
thia reaaon it waa deoidad that aingle atage teating ahould be nade. 

yjg 

to be dona waa the inetaiiation work. 


no teat, on the lariat oo.pra.oor had been aad. at Zaroa -o. *. 

The blueprint, of the lariat oonpreaaor ware put into the *** ** ***** 
sawed fa a. poaaibly WIIUAI, who oonduotad oonpraoaar 

teating an the aingle atageoonpreaaorteototand.wou ld know nora 

about tbs, nltinato fats of tbs projiotid tost program 
tbo projoot bad boo* abandons!) a 
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mm SJWSZ r,; ; . 

34 • ipproxi*atsly 4ci onginstlfs ^ inoluding ® J;P4- • * oaJli 

factor y near Haaoaw to larod 4 U(l , 


fron a 


laoiorj ammr ** ^ ” 

vhm* %*a bwo* wbrkinr on a dlosol air* 

graft sngifts prsjspi ?. 
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Page io. ) Sketoh Bo. It Looation of Station* for Compressor Rotor Bind* < 

Profile Oheok * 

Page 10. < Sketch Vo. 2< Mounting of Compressor Rotor Blades 
Page 10, Sketoh Vo. 5» Graphite Lining of Coapreseor Rotor Shroud Rings 
Page ii, 1 Sketoh Vo. 1* Shutter Type Pressure Belief System 

Page 11, Sketoh Vo. 2t Airfoil Type Pressure Relief System 

Page 11, Sketoh Vo. 3» Gompressor Pressure Relief Valves Installation I 

Page 12, i Compressor Pro sours Relief Valve 

I Page 13, i Sokeaatio of Oempressor Pressure Relief Valve Operation 
Page lh, i Sohsmatio of tingle Stage Oompresser Test Stand 
Page 15 * t Staukugel (pressure sphere) Instrument 
Page 16, SketohVo. It Gas Turbine Starter Oempressor Assembly 

Page l6, Sketoh Vo. 2i Gas Turbine Starter Unit Installation in JUMO 022 

1. n Oemment. Probably 80 German horse poirer (ps) is meant inamwch as 

the Ueman measure is used earlier in the report j however, the text does not 
fully clarify the meaning. 
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around compressor inlet 



shutter- open. 

pOHTtO*A 

Kmtffiattt Linkage 
Hydraulically operufed 
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